Abstract Activated carbons (ACs) were prepared from aguaje seeds at different impregnation ratios of H 3 PO 4 / precursor equivalent to 0.5, 0.75, 1.0 and 1.5, for the adsorption of N,N-dimethylamine (DMA). The samples were characterized by N 2 -sorption (S BET ), X-ray diffraction, infrared spectroscopy (FTIR), Boehm titration, scanning electron microscopy and energy-dispersive X-ray spectroscopy. The samples were successfully activated to obtain highly microporous surface ([95 %) with high total BET surface area ( [ 695 m 2 g À1 ). Common acid functional groups were determined by the Boehm titration and FTIR. The kinetic data revealed that the results were better adjusted to pseudo-second order and Elovich models. To predict the adsorption process, different isotherm models were tested. The best fit isotherm model for AC-0.5 and AC-0.75 samples was the Temkin isotherm model. Meanwhile, the Langmuir isotherm was the best fit model for AC-1.0 and AC-1.5 samples. Moreover, it was found that the adsorption of DMA was highly influenced by the surface acidity and the microporosity of the carbons.
Introduction
Water is an essential resource for life in our planet. The Food and Agriculture Organization of the United Nations (FAO) estimates that during the last century, water consumption has increased in a double rate compared to the rate of world population growth. Water contamination is principally caused by mining residues, urban wastes, agricultural residues and industrial effluents. Water pollution is also increased because of the lack of control by government agencies, especially in developing countries such as Peru.
The wide majority of pollutants is removed by common water treatment methodologies, such as the use of chloramines, chlorine or ozone in the disinfection stage. However, these methodologies may transform the pollutants into toxic compounds, such as DMA. DMA contaminated water treatment induces the formation of N-nitrosodimethylamine (NDMA) (Mitch and Sedak 2002; Andrzejewski et al. 2008; Sharma 2012 ). This compound is on the list of priority pollutants of the Environmental Protection Agency (EPA) (Andrzejewski et al. 2008; Sharma 2012) due to its potential risk of cancer, even at concentrations as low as 0.7 ng L À1 (Andrzejewski et al. 2008; Sharma 2012) . For this reason, the U.S.A. and Canada have established a regularity limit of 9-10 ng L À1 for this substance (Andrzejewski et al. 2008) .
Effluents from the textile, pharmaceutical and agrochemical industries are a common source of DMA contamination (Helali et al. 2011) . The most used methods for the elimination of DMA are mineralization (Helali et al. 2011 ) and adsorption using resins (Hu et al. 2011) . As some studies have shown, the mineralization cannot avoid the formation of NDMA, so adsorption is the most promising method for its removal.
Adsorption is used for water treatment because it is a versatile method. It also presents several advantages such as its low cost and the possibility to reuse it after the treatment. Several materials are employed for adsorption: activated carbon, zeolites, clays, silica, alumina and others. Activated carbons possess excellent adsorptive properties because of their large surface, porosity and their diverse functional groups (Marsh and Rodríguez-Reinoso 2006) . In this work, activated carbon samples prepared from aguaje seeds via impregnation with phosphoric acid at different ratios of acid / precursor have been applied for the adsorption of DMA. In order to show the potential adsorption capacity of ACs for the adsorption of DMA, different methods of characterization have been applied and kinetic data were fitted to basic mechanistic models. The verification and quantification of the adsorption properties of samples and the adjustment of data to isotherm adsorption models constitute the main scope of this work, in order to describe the adsorption process of lowcost activated carbons made from aguaje seeds, a very accessible material which grows in the peruvian rainforest.
Materials and methods

Raw material
Aguaje seeds (Mauritia flexuosa) were collected in Pucallpa, in the Ucayali region, in the western rainforest of Peru. Prior the application, the seeds were washed from all the organic residues, oven-dried at 80°C and sieved to size fractions between 3 and 5 mm.
Different analysis were performed on the initial material in order to determine moisture, ash, volatile material, lignin content and fixed carbon (ASTM Standard D1106-96 2013 ASTM Standard D3172-13 2013) . These values (in %) were 8.4, 2.5, 81.6, 6.5 and 7.5, respectively.
Preparation and characterization of activated carbon
Activated carbon (AC) was prepared from aguaje seeds following the procedure proposed in a previous work (Obregón-Valencia and Sun-Kou 2014) . After the initial treatment, carbon samples were impregnated with a phosphoric acid solution (H 3 PO 4 , Merck, 85 %) and evaporated in a rotary evaporator until the solvent dried. The impregnation ratio of the phosphoric acid solution, defined as the mass of impregnated H 3 PO 4 /mass of precursor (g H 3 PO 4 =g precursor ) was fixed to 0.50, 0.75, 1.0 and 1.5, obtained by changing the quantity of H 3 PO 4 added to the raw material. A sample of AC with impregnation ratio of 0.75 has been previously used by our research group for the adsorption of Cd 2þ (Obregón-Valencia and Sun-Kou 2014) . In the present work, the range of impregnation ratios was broadened in order to investigate its effect on the carbon characteristics and adsorption. After the impregnation, the samples were activated at 600°C in a tubular oven under nitrogen flux (250 mL min -1
).The resulting activated carbon was washed with deionized water until a final pH of 5. The final product was grinded and sieved to a final size between 250 and 1000 lm in order to establish an exact size range. The overall percentage yield for the synthesis was calculated using the following equation:
Where w AC is the weight of AC (g) and w 0 is the corresponding weight of required raw material (g). The AC materials were characterized using different instrumental analysis techniques. Textural analysis was performed by N 2 -sorption measurements at 77 K using a Micrometrics Gemini VII equipment (2390 v1.02 surface area analyzer) with an overnight pretreatment of 120°C. X-ray diffractograms were taken using a diffractometer (Bruker D8-FOCUS) with the following parameters: CuKa radiation (k = 1.5406 Å ), 2h scanning range from 10 to 80 with a step size of 0.003 /s. AC surface functional groups were determined by FTIR (Perkin Elmer Spectrum 100 FTIR) by preparing a KBr pellet and measuring transmittance between 4000 and 400 cm À1 . Boehm titration was carried out to determine surface functional groups (Goertzen et al. 2010 ) using solutions from three bases: NaOH, Na 2 CO 3 , NaHCO 3 . SEM micrographies were obtained using a FEI Quanta 600 scanning electron microscope. Elemental analysis was determined by using energy dispersive X-ray spectroscopy, coupled to the SEM apparatus.
Batch adsorption studies
Adsorption isotherm studies were carried out using 10 mL of DMA solutions with different concentrations (5-3600 mg L -1 ), which were placed in contact with 15.0 mg of AC inside glass vials, and subjected to agitation for 6 h. The solutions were prepared from an aqueous stock solution (Merck, 40 % w/v). The pH of the solutions was adjusted to pH 10. The effect of pH on the adsorption of DMA has been studied by Hu et al. (2011) for its adsorption on ion-exchange resins. This study showed that the uptake of DMA by the adsorbent is decreased when the pH of the solution varied either to the acid side or to the basic side. In consequence, adsorption of DMA is largest when the pH of its solution is not changed. After adsorption time, the solutions were filtered and treated to determine the remaining DMA concentration.
The DMA concentration was determined using a derivatization in basic media with 1,3-dinitrobenzene to produce a charge transfer complex which has a maximum absorbance at k max ¼ 555 nm (Siddiqi and Pathania 2003) . Absorbance of the solutions was measured using a spectrophotometer (Agilent UV-Vis spectrophotometer, 8453). The calibration curves were also prepared at the same conditions without change of pH. They were prepared right before the measurements. The maximum adsorption capacity at equilibrium (q e ) in mg g -1 (adsorption capacity) was calculated according to the following Eq.:
Where C 0 and C e (mg L -1 ) are the initial and equilibrium liquid phase concentrations of DMA, respectively, V (L) is the volume of solution, and W (g) is the mass of dry adsorbent used.
Kinetic studies were carried out using 10 mL of DMA solution (580 mg L -1 ) and 15.0 mg of AC, which were added to glass vials of 20 mL, and then subjected to agitation for times ranging from 5 to 360 min. The remaining concentrations were determined spectrophotometrically and the maximum adsorption capacity (mg g -1 ) at time t was determined according to equation (3):
where C t (mg L -1 ) is the liquid-phase concentration of DMA at time t.
Adsorption equilibrium and kinetic models
The kinetic results were adjusted to different kinetic models (pseudo first order, pseudo second order, Elovich and intraparticular diffusion) in order to understand the above kinetic mechanism of adsorption. The best fitting of the isotherms to the experimental data was determined by adjusting the experimental values to the following models: Freundlich, Langmuir, Temkin, Elovich, Redlich-Petersson (R-P) and Dubinin-Radushkevich (D-R). Linear forms of the kinetic models and non-linear forms of the isotherm models are listed in Tables 1 and 2, and a high microporosity ( [ 95 %), with a low proportion of mesoporous area (\5 %). Table 3 shows the textural properties obtained from the N 2 -sorption analysis.
The N 2 -sorption isotherms of AC samples were type IV according to the IUPAC classification (Marsh and Rodrí-guez-Reinoso 2006) , corresponding to a system with micropores and mesopores (Fig. 1) . The hysteresis loop was of type H1, corresponding with narrow or cylindrical pores. However, there are some differences between the samples isotherms. The AC-1.5 isotherm is different from the others because of its mesoporosity, similar to sample 
k 1 and k 2 are pseudo-first order and pseudo-second order constants, a is the initial rate of adsorption, b is related to the extent of the surface covering and the activation energy for chemisorption, k D is the intraparticular diffusion constant and C t is the intercept Freundlich
ÀBDRe 2 K f and 1/n are the Freundlich constants which are related to the adsorption capacity and adsorption intensity, q m is the maximum adsorption capacity, K L is the energy of the adsorption bond. R is the ideal gas constant (8.314 J mol À1 K À1 ), T is the absolute temperature in K, b is the energy of adsorption and K T is the Temkin equilibrium constant. K E is Elovich constant. B DR is the Dubinin-Radushkevich constant which is used to calculate the energy of adsorption AC-0.75. On the contrary, isotherms from AC-0.5 and AC-1.0 are characteristic of microporous materials. MolinaSabio and Rodríguez-Reinoso (2004) reported that higher impregnation ratios (impregnation rate higher than 0.3) on activated carbon produced from peach stones by activation with H 3 PO 4 produced a higher degree of heterogeneity on the porosity, resulting in a higher amount of mesoporosity and macroporosity, higher mean pore diameter and higher micropore volume. Analysis of pore size distribution was made using the Horvath-Kawazoe method (Okhovat et al. 2012) . AC samples presented a larger quantity of pores between 1.6 and 10 nm, with different mean pore diameters. Table 3 shows that the values of the textural parameters are consistent with the isotherm profiles (Okhovat et al. 2012) .
A direct relationship between the BET surface area and the impregnation ratio of the AC samples is shown in Fig. 1 and Table 3 . Moreover, increasing the amount of the activating agent (H 3 PO 4 ) results in more abundant oxidation reactions between this agent and the raw material, which produces pores of larger volume, and consequently, higher porosity and surface area (Obregón-Valencia and Sun-Kou 2014).
All carbons exhibited XRD patterns with broad peaks, and an absence of sharp peaks. The presence of two broad peaks at 44 and 24 is attributed to the formation of the crystalline layers corresponding to the graphitic planes of d 100 and d 002 , respectively (Kumar and Jena 2015) . The X-ray diffractograms of the carbons are showed on Fig. 2 3.2 Surface chemistry and morphological characterization of the materials Figure 3 shows the comparative FTIR spectra of the different activated carbons. All of them presented the signals at around 3450 cm À1 (O-H bond elongation in carboxilyc and phenolic groups), at 1630 cm À1 (C=O bond elongation), at 1384 cm À1 (stretching of polyaromatic C=C and C-O-C carboxylic groups) and at 1127 cm À1 (P=O and P-O-C stretching) (Puziy et al. 2005 , Puziy et al. 2008 .
Boehm titration results are shown in Table 4 and Fig. 4 . They exhibit the relation between the variation of total acidity and the concentration of acid functional groups at the surface with the impregnation ratio of samples. As is shown in Fig. 4 , no trend in the variation of the quantity of acid groups with the impregnation ratio was observed. Samples AC-0.5 and AC-1.5 presented the highest value of the concentration of total acid groups, meanwhile the sample AC-1.0, the lowest total acidity. As is observed in Fig. 4 , a similar trend occurs for the concentration of the phenolic and lactonic groups but is different from the total acid groups. A nearly constant value of acidity is observed for the carboxylic group concentration, with a very small decrease at the high impregnation ratio. Studies regarding the relation between the impregnation ratio and the acidity of carbons are uncommon in the literature (Guo and Rockstraw 2007) . However, our results can be explained using the mechanism of formation of acid groups during the activation process. There are three sources that contribute to the formation of surface acid groups during the activation of the raw material with phosphoric acid: the hydrolysis of raw material in acid conditions, the reaction between the activating agent with the raw source material and the reaction of the precursor with oxygen. The first reaction produces acid groups of different strength. The second reaction leads to the formation of groups containing phosphorus on their structures and are thermostable. The third reaction of oxidation with air produces different kinds of acid groups.
The presence of acid surface functional groups is influenced by the temperature of synthesis. A high temperature of activation ( [ 600°C) produces the decomposition of surface groups that are formed during hydrolysis. These groups decompose at temperatures higher than 400°C (Guo and Rockstraw 2007) . When the impregnation ratio is low (\1.0), the oxygen surface groups formed by the oxidation with air are in less quantity. With higher impregnation ratios ( [ 1.0), the phosphoric acid that is not incorporated in the carbon forms a layer over it, which diminishes the diffusion of O 2 from air into the carbon. Therefore, total acidity diminishes, which reaches a minimum value for AC-1.0. This effect has been observed on activated carbon prepared from coffee beans using H 3 PO 4 as activating agent (Reffas et al. 2010) .
SEM micrographies of the carbons (Fig. 5) showed that the chemical activation of the aguaje seeds was successful due to the formation of a great extent of microporosity (pores diameter \2 nm) and mesoporosity (pore diameter between 2 and 50 nm). In general, the apparent microporosity of the carbon is higher with the increasing impregnation ratio, which confirms the trend observed for the mean pore diameter in Table 3 .
The elemental composition of the activated carbon samples is shown in Table 5 . The impregnation with H 3 PO 4 leads to a directly proportional increase of phosphorus in all samples. In all of the activated carbons, the proportion of carbon and oxygen is around 80 and 15 %, respectively. However, no clear trend is observed, probably due to the thermal preparation conditions of the samples, which ensured the alternation of these elementes over the surface without loss of material.
Adsorption kinetics
Adsorption kinetic plots are very important to describe the adsorption process and to determine the equilibrium time.
The effect of time on the adsorption of DMA over the AC samples is shown in Fig. 6 . The experimental values were adjusted to four kinetic models: pseudo-first order model, pseudo-second order model, Elovich model and intraparticular diffusion model. The parameters for the adjustment of the experimental data for each kinetic model are depicted in Table 6 . The best kinetic adjustment for all AC samples was obtained with the pseudo-second order and Elovich models, which presented the following statistical parameters: R 2 [ 0:93 and v 2 \10. The pseudo-first order model presented a moderated correlation coefficient, but with no 200) . The best adjustment of kinetic models for the AC samples suggests that the removal of DMA occurs through a chemical adsorption (chemisorption) (Ho and McKay 2004) , in which the rate of adsorption depends on the availability of adsorption sites instead of the initial concentration of DMA in solution and that the system presents a great extent of surface heterogeneity.
The results were also analyzed by the intraparticular diffusion model to determine how many steps were in the adsorption kinetic process. The best fit models for the experimental data are shown in Fig. 7 . In all cases, a nonlinear relationship was observed between the variables q t and ffi ffi t p , but three different stages were identified, which suggested different mechanisms for each one of them. The largest slope of the linear fitting was observed on the first stage (s 1 ), suggesting that the initial rate of adsorption is very high. The slope on the second stage (s 2 ) is lower than the first one, so the adsorption rate diminishes; however, no intersection on the origin is observed indicating that the intraparticle diffusion is not the limiting step. The third stage (s 3 ) is also linear, but at this time the adsorption has reached the equilibrium state. The slope here is close to zero, which represents a very slow adsorption rate taking place over the micropores. 
Adsorption isotherms
The results of the adsorption isotherms of AC samples are depicted in Fig. 8 . Adsorption isotherms were of type L according to the Giles classification (Giles and Smith 1974) . The curves are convex with a tendency to increase, in the range of test concentrations. Therefore, there is an increase in the adsorption capacity without stabilization (Fig. 8) . The maximum adsorption capacity of the adsorbents followed the order: AC-1.5 [ AC-0.5 [ AC-1.0 [ AC-0.75. The highest adsorption capacity was obtained with AC-1.5 (q e = 1481 mg g -1 ) meanwhile AC-0.5 and AC-1.0 showed intermediate values of adsorption capacity, with a similar behavior on their isotherms until an equilibrium concentration of 200 ppm of DMA. At higher equilibrium concentrations, AC-0.5 increases in adsorption capacity up to 1174mg g -1 and AC-1.0 to 1009 mg g -1 . In the range of study, AC-0.75 showed the lowest value of adsorption capacity (q e = 831 mg g -1 ). Adsorption of amines in activated carbon is heavily influenced by microporosity and surface acidity (Bottani 2008) . Total surface area and microporosity are in the following order of AC-1.5 [ AC-1.0 [ AC-0.75 [ AC-0.5. The sample AC-1.5, which achieved the highest adsorption capacity, also shows the highest surface area (1395 m 2 g À1 ), microporous area (1355 m 2 g À1 ) and mesoporous area (41 m 2 g À1 ). This behavior is expected, because a material with a higher surface area will have more active sites that are available for adsorption. The micropores are fundamental for the DMA retention because the adsorption occurs on them. In the case of mesoporosity, it can contribute to the diffusion of the DMA into the micropores. However, the textural parameters of the other AC samples appear to not follow the expected order in relation to the surface area. In order to explain their behavior, surface acidity should be considered.
The activated carbons showed the following decreasing order in total acidity: AC-0.5 [ AC-1.5 [ AC-0.75 [ AC-1.0. This trend shows a direct relationship with the maximum adsorption capacity. Therefore, the surface acidity is the predominant factor in the adsorption of DMA. The activated carbons with the highest acidity (AC-0.5 and AC-1.5) are also those which present the highest adsorption capacities. These results are in accordance with the mechanism discussed in the literature (Bottani 2008) . Amines are chemically adsorbed on acid groups, in other words, the adsorption of amines involves a reaction of neutralization between the acid groups attached to the activated carbon surface and the DMA. Therefore, a large quantity of acid groups will present a larger quantity of adsorbed DMA. This result agrees with the kinetics experiment fitting, which resulted in chemisorption because of the best fitting achieved by Elovich and pseudo second order models.
Moreover, it is possible to determine which type of acid group contributes the most to the adsorption process. In this regard, the order of concentration of phenolic groups in the ACs is similar to the order obtained for the adsorption capacity. The order of the former one is: AC-0.5 [ AC-1.5 [ AC-1.0 [ AC-0.75. However, there is no clear relationship between the concentration of carboxylic and lactonic surface groups with the quantity of removed DMA. Therefore, for AC-0.5, total acidity contributes to a larger retention of the DMA, in spite of the lesser presence of acid groups in this sample compared to AC-1.5. , ratio = 15 mg AC/10 mL DMA solution, T = 298 K Nevertheless, for samples AC-1.0 and AC-0.75 the order is controlled, as expected, by surface area, microporous area and the concentration of phenolic groups.
The experimental values of the isotherms have been correlated with six models: Freundlich, Langmuir, Elovich, Temkin, Dubinin-Radushkevich (D-R) and RedlichPeterson (R-P). The values of the correlation coefficient (R 2 ), the Chi square statistic test (v 2 ) and the parameters for each model are presented in Table 7 .
The Freundlich isotherm assumes a heterogeneous surface with nonuniform distribution of adsorption heat, and does not reach a saturation state. The order of the K F values for three of the materials coincides with the order of experimental maximum adsorption capacity: AC-1.5 [ AC-0.5 [ AC-0.75. AC-1.0 is not included in this discussion because its isotherm does not correlate well with the Freundlich model. Moreover, it is important to consider that the heterogeneity of the material increases when value of 1=n F is closer to 0. Therefore, the AC-1.5 is characterized by its higher heterogeneity in comparison with the rest of the adsorbent materials, in which heterogeneities are more similar between each other. The Langmuir isotherm describes a monolayer adsorption on a homogeneous surface, whose adsorption sites are energetically equivalent and with adsorption sites where only one adsorbate can bind. Additionally, the adsorbed molecules do not interact with each other. The Langmuir model is expressed by the equation in Table 2 . An additional parameter called the equilibrium parameter, (R L ) is important for the analysis. It is dimensionless and is defined by the following equation:
The value of R L indicates the nature of the adsorption process:
. AC-1.5 and AC-1.0 correlated with the Langmuir model. The values of K L in both cases lead to R L values between 0 and 1, which indicates the adsorption process is favorable. The Temkin isotherm assumes a uniform distribution of the binding energies and that the adsorption heat of the adsorbate molecules on a single layer decreases linearly with the increment of the surface cover of the adsorbent (Foo and Hameed 2010) . The values obtained for RT=b T for the four materials are significantly high, which suggest that it is likely that the adsorption mechanism is closely related to a chemical type.
For the sample AC-0.5 the highest values of the correlation coefficient and the lowest values of v 2 were obtained with the Temkin model, followed by the D-R and Freundlich model (Foo and Hameed 2010) . For the Temkin model, the linear correlation was used to estimate the Temkin bond equilibrium constant (K T ) and the value of RT=b T , which were 2:16 Â 10 À2 L g À1 and 484 J mol À1 , respectively. This last value is associated with the heat of adsorption, and suggests a chemisorption process (Foo and Hameed 2010) . The D-R model assumes a Gaussian distribution of energy on a heterogeneous surface. The good fitting to this model shows a more favorable adsorption over micropores than over mesopores (Nguyen and Do 2001) . In fact, from the linear fit of the D-R model, the obtained energy of adsorption was equivalent to E ¼ 18:22 kJ mol À1 , which means that a chemisorption is taking place (E [ 8 kJ mol À1 ) (Chen et al. 2008; Chen and Chen 2009 ). This is supported from the textural characterization of AC-0.5, the high presence of microporosity as shown in Table 3 (98 % of total surface) and the high concentration of acid groups as presented in Table 4 . The Freundlich model is highly used in heterogeneous systems and especially for the adsorption of organic compounds on activated carbon (Nguyen and Do 2001) . Since the value of 1=n F is 0.76 \1, the adsorption is favorable.
For the sample AC-0.75, the best fitting was obtained with the Temkin model, followed by the Freundlich model. The Temkin model was used to estimate the Temkin bond equilibrium constant (K T ) and the value of RT=b T , which were 2:69 Â 10 À2 L g À1 y 318 J mol À1 , respectively, corresponding to the chemical adsorption (Nguyen and Do 2001) . The Freundlich model fitting estimated 1=n F ¼ 0:80, which is an evidence of favorable adsorption of DMA molecules.
For the sample AC-1.0, the Langmuir and R-P models showed the best fitting, followed by the D-R and Temkin. The R-P model is a versatile method applied to both heterogeneous and homogenous methods. The linear fit to R-P showed a b ¼ 1:00, which is consistent with the fitting to the Langmuir model. This model assumes that the adsorption occurs on a monolayer over a homogenous surface. The D-R model allows to determine the predominance of the micropores compared to the mesopores in the carbons (Nguyen and Do 2001) . In this model, the linear fitting showed an adsorption energy of E ¼ 21:68 kJ mol À1 , which is concordant with a chemisorption process on microporous sites (E [ 8 kJ mol À1 ) (Chen et al. 2008; Chen and Chen 2009 ). The value of the maximum adsorption capacity (q s ) was 908 mg g À1 , which is close to the maximum experimental value (q e ¼ 1009 mg g À1 ). The
Temkin parameters of K T and RT=b T were 3:55 Â 10 À2 L g À1 and 330 J mol À1 , respectively, and also corresponding to a chemisorption process (Nguyen and Do 2001) .
Finally, for the sample AC-1.5, the best fitting was obtained with the R-P model followed by the Langmuir, Temkin and Freundlich models. The fitting of the Langmuir model was used to estimate the Langmuir constant of K L ¼ 5:58 Â 10 À3 L mg À1 , which indicated a favorable adsorption (Nguyen and Do 2001) . The R-P model showed a value of b ¼ 0:55, which indicated that the adsorption process is a mixture of Langmuir and Freundlich models, with a preference towards the former. The value of 1=n From FTIR and Boehm titration analysis, acid surface groups were detected in all samples, which strongly contributed to the mechanism of adsorption. SEM micrographies showed the effective morphological formation of the AC samples at different impregnation ratios. Kinetic and equilibrium studies of ACs for the adsorption of DMA had a best fit towards pseudo-second order and Elovich models, which showed the prevalence of a chemisorption process and the heterogeneity of the system. Surface acidity and microporosity were the major factors contributing to adsorption in all samples as it is deduced from the adjustment of kinetic data to different isotherm models, obtaining a maximum removal of DMA of 1481 mg g À1 for sample AC-1.5.
